


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1977 


The use of DMSP and SMS-2 digital satellite 
data for identifying marine fog in the eastern 
North Pacific Ocean area. 


Ihli, Carl Bolton, Jr. 


http://hal.handle.net/10945/18323 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
۹ DUDLEY research materials and institutional publications created by the NPS community. 
FW شا رت‎ Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


WW KNOX appointed — and published — scholarly author. 

We LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http: //wwwenps.edu/library 


v M JR" wi Pei EE = m AES! 









C UN m 7 
Ee ۱ EII LILA AE » K WM [] Vie 
D DX y ۱ 1 LSA i rn 0 e DI Lei 
i A P i " 1 N y be 
۱ ToO NI UE I re ۷ 4 
' B | 9 
A Y 7 ara ۷, 
FA i A) à su 0 ' u A e ۱ ات‎ ١ W ۶ ۲ 
. 1 A i 1 MS. H ñ Ae ia? ef 
4 [L| s i 1 " i A Mt NN 4 ۱ 
Es d ۱ ۹ D N 1 | v K P a 
[ 0 + i d N x d D 5 AL iv, y Zu Pre 
. va ۱ او‎ ۱ ۲۲ Eat 0 
I ۱ ۱ d ۱ ' ۱ 1 " a 4 
i ۱ ۱ n. ! AAT ma T ۱ d 
m ` PG H 3 EA ۱ ۱ l Oh yu! n ۲۰ LI y Dé e 
Au bri frs 
5 ER DAT " و‎ te. = ! OU " 
de K ۱ ۷۱ ONTEN ۱ ۵ ۳ 
0 Div: 1 U AP L A ۱ 
D ' WA ۱ D i TI de 72 Vie K ۱ 
! D d Mir ۱ i A \T nf I 9۶٦ ON ۱ A) ai 
I ۰ ۹ iil i A Zo (ir Ai ` un 
Ex!" E AE EEA E 
۱ ۱ D E ۲ ۰م‎ m" W 
۱ i y ۸ ' à ^ G ۹ ۳ M. | n 1. ER o ۷ 
E 7 ' j [ ۲ E A Hi "T J Lë Pr IL 
LIC) b [| I Li ۹ Y ۱ ۳ - n 1e i ۱ 
D ' * r b bi | ' 1 1 ۱ L U We ۱ A ۲ 
D "E ann 1 Je H dt: L Er, ~The 
a hi "WD e 
i ۱ [ 4 hy D Ws 7 Vi? L ۱۱.1 
A MTS V fa ۵۵ A 
LI i D L] 1 i ù r A E 
. L] ni a» L v V e ۶ یا‎ 
`. ۱ ۳ 1 ۳ " ^k LS 
y ۱ ۱ n ۱ ۱۱ ۰۲ 
i N ۱ ^ ` 
A = e 
۹ 1 ۹ i ^ i D A Al 1 
L] A | , ۴ ۱ x a W 
1 a ok et ur LO EIC 
a "E | 
" 1! H a We e y 
۱ Ar" EN meo E 
A. [| " 
i ۱ T I » $ > j 
D 5 = 3 
E 3 zg A 
y ۹ 7 [ [E 
۰ ۱ - À ۸ ۳ 
id 3 - t. 
! D 
۱ 
۱ 
i b L] 
۱ 
١ 1 
۱ 
1 ۱ ۱ 
r 1 
I 
1 A N 
"n i 
i = 
— D 
D 
Li n n 
P d 
0 i 
٠ i 
: ۱ 
ñ ۱ 
LI 
LÀ 
L "a" d 
2 i 
» d M D = 
N i - Ki > 
3 ۱ ۱ ۱ £ 
H i [ to 4 1 [ fe 1 
I ' ! T 
4 I 1 A») «T 
| WW 2 ۱ d d i s ۱ ۸ 
y i a - r I | [ ۲ x 
y s I Li JT, aoe 2 y > 
Pu - d ۱ ! 2 A. 
d i D Lu ) i 
۱ | ۰ ۲ ۰ Ld ' 
j ۱ i ف‎ > y ' ۱ Vv ۳ 
p I 
, 5 " po. 4 i 
6 ` P Y = I ۱ i d و [ سے‎ - 
i LÀ 
: a D TU N 
4 ۱ » fe A 2 = oj i ۲ "y | 
y ۳۳ o ۲ ۱ نز‎ vr 
D LI I t 
D 1 JA 4 * "m a 7 Ak کہ‎ : 
1 > CR 
D a ay 9 »s5 EN fi 0 ۱ RS to E 
D D i ہو0 ٹج‎ ۱ LAC Sn I 
| ۱ NX M ۷ Lë, ET, E a ۱ € 
V d ۲ d ۶ J kr ns ۱ Y D 3 i 
Wa ۱ i$ [ (Re gä 
K d [ We Ke } 1 m 
۱ y ۱ $ D D E J 
M ` 1 Y, "mn ۱ ۱۱ LA n را"‎ E. , 
à g 
۱ 2 ۰ ۳ Ou 7 "a i h 
+ A [] A A 7 4 v gu T CL. 
DER È " A m x rs, H pu 7 2 A 
= 4 
۱ 7) D PIN 
' D A Ke Po kA ۳ or 
LI E 1 k ۱ 
ne CS ey 
۲ ور‎ E 0 
۱ y - EA + Ri LN, 6 Gr E ratos 
1 D لا ار یں‎ ë A N ov 
۱ I 
i D r4 ۱۰ d A Lë ۴ تس‎ 2 Mi ہیر شر‎ 
bu T. E ۱ dré ۶ " H P" 7۸7 ( 
- m y oo F را وٹ روہ‎ el 
= | b 7 RA IK dr D Xe 3 ۱ 
re b 207 4 ۹ a vi » oe T A M vk Hv 
r dE NA d è A UN 4 
۱ i D » 8 ٠ 5 
PRIUS Tn ۱ be. oe 1 ME 3 
Wéi EY d I d 7 La sie = y. ۳ kW s ebe Mes ۸ 
d Wf XD 4 ` Í lo e T 5 A? U^ 
۱۱ ie D Lë "Ei Sak: St ZE RTAC 
١ Ze 1 | ۱ PM. em CON 7 ane T p 7 
۱ po” ۰ ما‎ MI شا زا‎ DE 
E ۱ un ta E y D رو‎ | ce 7 
| ۰ à d i 1 ar o تا‎ 7 vom 
Lg Ay (w ith "EN ۱ Ay. E zo A "Me 4 DE ie d ; 
e, ۰ CND KG Mä Ai A > Sc 1 
d E a d. D GG dé de" n4 fie CR 
"E IL. E 1 A d cm PN mi 5 
۱ TI وب 9 من ۱ سا‎ D Kur: 
"a 0 A ER d ih wi n 4 
i 1 ^l Fi 7 ا‎ bi ا‎ 7 pe 
D ا یم‎ i T4 AT 4 m 2 
- 5.6 
i PV à E Sai ا‎ éi Ae M 7 2 ۵ hi N 
Jn 4 A H i LN 1 S/W, 

















0۵3 7 3۳7 9 2 و ۱۴ 


NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


THE USE OF DMSE AND SMS=2 DIGITAL 
SDESBELLITE DATA EOR IDENTIFYING MARINE 
FOG IN THE 
EASTERN NORTH PACIFIC OCEAN AREA 


by 


SQ Bolten Ihli, Jr. 


Maren 17377 


Thesis Advisor: 





Approved for public release; distribution unlimited. 


1178058 








SECURITY CLASSIFICATION OF THIS PAGE (When Doto Entered) 


REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM 


. REPORT NUMBER 2. GOVT ACCESSION NO] 3. RECIPIENT'S CATALOG NUMBER 
۱۱۳ 6 1 


4. TITLE (and Subtitie) $. TYPE OF REPORT & PERIOD COVERED 
The Use of DMSP and SMS-2 Digital Satel- ت0 ۰د‎ shines 1S; 
lite Data for Identifying Marine Fog in ۳ 77 
the Eastern North Pacific Ocean Area 6. PERFORMING ORG. REPORT NUMBER 







READ INSTRUCTIONS 








7. AUTMOR(8) 8. CONTRACT OR GRANT NUMBDER(e) 
Cari B. Inli,#dr:. 
lm"mEcongunctriome with 


Robert J. Renard 


$9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT, PROJECT, TASK 
AREA à WORK UNIT NUMBERS 


Naval Postgraduate School o2759N; 5 2٦ 
Monterey, California 93940 ZF52551713;NPSOM-1 


. CONTROLLING OFFICE NAME AND ADORESS 12. Ne 1977 
Naval Air Systems Command, 370C ua c 


Washington, DeC 20360 13. ہنس‎ Re 


. MONITORING AGENCY NAME & AOCORESS(!! different from Controlling Office) 18. SECURITY CLASS. (oí thia réport) 
Naval Postgraduate School Unclassified 
Monterey, California 93940 


ba. DECLASSIFICATION/ DOWNGRADING | 
SCHEDULE 


. DISTRIBUTION STATEMENT (o! this Report) 


EE EE public release; distribution unlimited, 


. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, if different frem Report) 
. SUPPLEMENTARY NOTES 


19. KEY WORDS (Continue on reverse oide if necessary end identify by bloek number) 
fog; marine fog; weather satellite; North Pacific Ocean; ocean 
fog; DMSP satellite data; SMS-2 satellite data; geosynchronous 
Satellite; meteorological satellite; marine visibility. 


20. ABSTRACT (Continue on reverse side if neceeeary and identify by biook rwmbeor) 


Defense Meteorological Satellite Program (DMSP) and 
Synchronous Meteorological Satellite (SMS-2) digital satel- 
lite data, both visual and infrared, are processed and 
Hu edin context with transient/stationary synoptıc ship 
reports, in an effort to identify areas of marine fog occur- 
rence. The eastern North Pacific Ocean was chosen as the 


DD ۱ SAN 73 1473 EDITION OF 1 NOV 65 15 OBSOLETE 


e e —wr rara srar ہے‎ 
(Hage 1) با پت‎ be CURITY CLASSIFICATION OF THIS PAGE (When Date Entered) 





ہے سے EE u mu‏ وی 
S:.cumTv CLASSIFICATION OF TMIS PAGE/When Dora Entered.‏ 





area of study; for various reasons the period was limited 
to 5-9 August 1976. Histograms and two-dimensional plots 
of visual and infrared data are generated as a function 

of five categories of fog/no-fog occurrence. Optimal 
ranges of visual and infrared digital count values asso- 
ciated with each of the five categories of fog occurrence 
in the study area are proposed. In addition; the height 
of the cloud base is computed for all processed SMS-2 

data points, based on a formulation derived from radiation 
physics and empiricism available from the University of 
Wisconsin. Insofar as advancing the skill of objectively 
identifying marine fog areas from weather satellite obser- 
vations is concerned, the results of this study are con- 
sidered suggestive but not definitive, in part due to the 
limited data sample. The relation of the study to prior 
work at the Naval Postgraduate School, using NOAA polar- 
orbiting satellite data, 1s noted. 


DD Form, 14173 
Jan 


1 i a $$$ MÓ——À 
S/N 0102-014-6601 SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entered) 


dé) e" 
Es m 


BEEN 





NAVAL POSTGRADUATE SCHOOL 
Monterey, California 


Rear Admiral Isham Linder Jack R. Borsting 
Superintendent Provost 


This thesis prepared in conjunction with research 
supported by the Naval Aixr Systems Command 370C. 


Reproduction ofall or part fol this report 1s 
authorized. 


Released as a 
technical Report by: 





Approved for public release; distribution unlimited. 


The Use of DMSP and SMS-2 Digital 
Satellite Data for Identifying Marine 
Fog in the 
Eastern North Pacific Ocean Area 


by 


Carl BOlEONn Ihll, Jr. 
Lieutenant, United States Navy 
B.S., United States Naval Academy, 1968 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN METEOROLOGY AND OCEANOGRAPHY 


from the 


NAVAL POSTGRADUATE SCHOOL 
March 1977 





ABSTRACT 


Defense Meteorological Satellite Program (DMSP) and 
Synchronous Meteorological Satellite (SMS-2) digital satel- 
lite data, both visual and infrared, are processed and 
analyzed in context with transient/stationary synoptic ship 
reports, in an effort to identify areas of marine fog occur- 
rence. The eastern North Pacific Ocean was chosen as the 
area of study; for various reasons the period was limited 
E0 5239 AlUGuSL 1976: Histograms and two-dimensional plots 
of visual and infrared data are generated as a function of 
five categories of fog/no-fog occurrence. Optimal ranges 
of visual and infrared digital count values associated with 
each of the five categories of fog occurrence in the study 
area are proposed. In addition, the height of the cloud 
base is computed for all processed SMS-2 data points, based 
on a formulation derived from radiation physics and empiri- 
cism available from the University of Wisconsin. Insofar 
as advancing the skill of objectively identifying marine 
fog areas from weather satellite observations is concerned, 
the results of this study are considered suggestive but not 
definitive, in part due to the limited data sample. The 
relation of the study to prior work at the Naval Postgraduate 


School, using NOAA polar-orbiting satellite data, is noted. 
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I: INTRODUCTION AND BACKGROUND 


Emessaeeurrence اه‎ fog Is a threat to all ocean-going 
vessels, civilian and military alike. In naval applica- 
tions, aircraft operations as well as surface ship opera- 
tions are affected by the visibility. A study concerning 
Materiel dollar cost and, more importantly, losses of human 
life over a five-year period further emphasize the impact 
that marine fog has on naval operations (Wheeler, 1974). 

Accurate depiction of fog regions over the open ocean 
On a real-time basis would be of significant value in any 
naval operation in which horizontal visibility is a limit- 
ing parameter. SRIS FOULING, BY way Gf example, WOuld cer= 
tainly take into account any reliable methods of fog diag- 
Moss anda prediction should such products exist. 

Currently, only Fleet Numerical Weather Central, 
Monterey, California (FNWC) generates objective fog fore- 
casts. Their product (FTER) forecasts fog occurrences for 
all areas of the Northern Hemisphere. FNWC promulgates the 
computerized probability of fog twice daily (0000 and 1200 
CNT or forecast intervals up to 72 hours.  Thelse forecasts 
are based on a statistical processing of certain model out- 
put parameters related to fog occurrence (U. S. Naval 
Weather Service Command, 1975). 

The use of the meteorological satellite may lead to an 


improvement in diagnosing marine fog and concomitant 
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increases in predictive accuracy. Research conducted at 
the Naval Postgraduate School, Monterey, California (NPS) 
Since 1974, made use of visual (VIS) and infrared (IR) 
weather satellite imagery from polar orbiting satellites 

to discern the presence of marine fog. Initial results 
indicated the need for further investigation into the use 
Of digital satellite data in detecting marine fog (Wallace 
and Renard, 1975). Continuing investigations, using NOAA-2 
digitized satellite data, established optimal ranges of 
eauntsvalues for fog occurrence for both VIS and IR digital 
data (Hale and Renard, 1975). However, the level of skill 
in applying these findings indicated the need for follow-on 


research. 
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II. OBJECTIVES AND APPROACH 


From the research cited in Section I there appeared to 
be two directions that future studies could take. One 
possible approach involved the analysis of more data observed 
by the same or another polar orbiting satellite. To this 
end the Defense Meteorological Satellite Program (DMSP) 
satellite was selected, largely due to its application for 
military oriented operations in general, and because its 
output will be eventually readily available to FNWC for 
Operational purposes. Although the DMSP satellite is con- 
trolled by the United States Air Force, its products are 
in wide usage by Naval Oceanography and Meteorology Units 
as evidenced by the DMSP satellite installations at several 
land and afloat sites. 

The second possible approach was to obtain data from 
a geosynchronous weather satellite and thereby have the 
additional advantage of nearly continuous coverage of an 
ocean area. This second option was also selected and the 
Pacific Ocean Synchronous Meteorological Satellite located 
over the equatorial Pacific Ocean area (SMS-2) was chosen. 

Thus, the primary objective of the subject research is 
to ascertain the value and applicability of both DMSP and 
SMS-2 satellite data in identifying areas of marine fog 


over the open ocean. 
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The approach taken in pursuit of this objective was to 
Statistically process and interpret DMSP and SMS-2 digital 
Satellite data, with synoptic weather reports from transient 
and stationary ships used as "ground truth" verification. 
The immediate goal was to establish a limited range of VIS 
and/or IR digital count values which would allow fog/no-fog 
gdaserımination, In addition, usable statistical correla- 
tions of satellite and conventionally-reported weather para- 


meters were sought. 
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TETS DATA 


A. AREA OF STUDY 

The previously cited marine fog research conducted at 
NPS was confined to the North Pacific Ocean area. The area 
selected for this study, as dictated by the SMS-2 satellite 
coverage, was the eastern portion of that ocean, with the 
following boundaries: 30-60N; 115w-180. Although this area 
includes a portion of the west coast of the United States, 


only ocean areas were considered in the study (see Fig. 1). 


Br CIME PERIOD FOR STUDY 

The limiting factor in the determination of a time 
period of investigation proved to be the period for which 
the digital SMS-2 satellite observations could be obtained 
from the receiving site at the University of Wisconsin, 
Madison, Wisconsin. Initially, based on climatology and 
previous research, a period during the month of July was 
requested. July, climatologically, provides the highest 
frequency of fog occurrence over the North Pacific Ocean 
۲۱۱۱ Pilns s 1975). Unfortunately, the month of July was pre- 
empted by another user. However, the period 1-15 August 
1976 was available and arrangements were made for its ac- 
quisition. However, due to weather problems at Madison, 
Wisconsin, the receiving site was shifted to the Cambridge 


Research Laboratory, Cambridge, Massachusetts. Some 
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equipment difficulties at the east coast receiving station 
eliminated any data after 9 August 1976, so that SMS-2 data 
were available for the study only in the 1-9 August 1976 
time frame, 

DMSP data presented different problems. As had been 
advertised, DMSP data were made available from the United 
States Air Force Global Weather Central, Offutt Air Force 
Base, Nebraska, during the proposed 1-15 August time period. 
Unfortunately, the data as received at NPS did not cover the 
entire 15-day period. On some days data were unavailable; 
on other days either IR or VIS data, but not both, were 
available. On certain days when both VIS and IR data were 
available, the data in the study area were, in part, from 
various observation times differing by 12 or more hours or 
from the NOAA-4 satellite if DMSP data were missing. 

Considering the limitations imposed on the study by both 
Satellite systems and, after examining all data once re- 
ceived at NPS, a study period of only five days, 5-9 August 
1976, was possible. 

Ca SYNOPTIC WEATHER REPORTS FROM 

TRANSIENT/STATIONARY SHIPS 

Primary-time synoptic weather observations for 5-9 
August 1976 were provided by FNWC in the main, with several 
missing synoptic times data available through archived data 
sources at the National Climatic Center (NCC), via the 


co-located Naval Weather Service Detachment (NWSD), at 
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۳۱۰ ۱ North Carolina. Surface ship synoptic reports 
established the basic “ground=truth" for the existence or 
non-existence of marine fog. 

ii lally ۲۳۱ tour primary synoptic times of 0000, 
0600, 1200 and 1800 GMT were considered. Later in the 
Study it became necessary, due to other +1 EO 
consider only 0000 and 1800 GMT reports. The reason for 
this further limitation will be made apparent in a subse- 
quent section. 

Of the information available in a standard surface ship 
report all data were initially recorded in tabular format 
Cseemrig. 2, for example). After filtering out reports 
that were ocutside the geographic limits of consideration, 

a total of 1335 ship reports were available at 0000, 0600, 
1200 and 1800 GMT for the five-day study period. After the 
synoptic times O600 and 1200 GMT were removed, a total of 


825 ship reports were available for analysis. 


BE DMSP SATELLITE DATA 

DMSP digital data on magnetic tape were furnished by 
the Air Force Global Weather Central (AFGWC) at Offutt Air 
Force Base, Nebraska, through the auspices of the Naval 
Weather Service Detachment located there. Data as stored 
on the magnetic tape were depicted on the standard I-J 
grid, as used by FNWC. This grid is superimposed on a polar 
stereographic projection of the earth, true at 60 N latitude, 
with the pole at its center. It consists of 63 columns 


and 63 rows of equally spaced points. The I-J grid coverage 
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nns study area is included in Fig. 3. The distance be- 
tween points on the grid is related to distance on the map 
۳ ۰۱۱ Map Scale factor: I + sin 60°/1 + sin (latitude). 
Eimes@apstance at 60 N is 206 nmi and reduces to 110 nmi at 
the equator. 

There are a total of 64 by 64 DMSP data points (i.e. 
digital count values) within one single square of the I-J 
SEI big o) for a total of 4096 data points. The study 
area included 153 whole or partial I-J grid squares so that 
the total number of data points available at any one report- 
ing time over the study area was very close to 600,000. 

Fig. 4 is a sample 64 x 64 grid of two-digit digital count 
values (DCV's). Table I summarizes the spacing of data 
points (data interval) within a unit I-J grid square as a 
ت۶70‎ 3901 Of latitude. 

The digital data that appears at each of the data points 
in the 64 by 64 matrix ranges from DCV's of 0-63 indicative 
of 64 shades of grey for both visual (VIS) and infrared (IR) 
daigital data, For VIS data, the lower DCV'S represent areas 
with a very low albedo, such as the sea surface. In typical 
DMSP VIS imagery these surfaces appear very dark grey or 
black. Dense cloud layers, particularly cumulonimbus clouds, 
appear at the opposite end of the grey-shade spectrum as 
values in the high 50's or 60's. Due to the high albedo of 
Such clouds, they appear nearly white on the DMSP VIS imagery. 

For DMSP IR data, low DCV's and hence dark shades of grey 


are indicative of low temperatures while high DCV's indicate 


L9 





relatively high temperatures. Because of this convention, 
the IR field is inverted prior to developing a positive 
[m TRErXunagervy) so that the cloudy regions appear white, 
and thus relate well to that which the human eye is 
accustomed to viewing from the earth's surface. For Both 
VIS and IR DMSP data a digital value of 63 represents miss- 
ing data. 

The data stored on magnetic tape were processed through 
the NPS ےن‎ Facility and transferred to a ٭×م‎ 180-0 
format for ease of accessing and extracting the required 
data. In order to access the data, ship latitude/longitude 
positions were converted to I-J grid coordinates. Once the 
I-J grid positions were known, data were easily extracted 
from the computer print-out. The formulae involved in the 
conversion from latitude/longitude to I-J coordinates were 
programmed on a hand-held programmable calculator and are 
included in Appendix A. I-J grid positions were calculated 
to the nearest hundredth so that an overlay subdivided 
accordingly could be used with each I-J grid square on the 
conputer print-out, 

An item of importance involved the accuracy of extract- 
ing a single point value from the available data. It was 
Bema an averaging scheme which took into account sur- 
rounding DCV's would be more representative than a single 
point value. Accordingly, two averaging schemes were used 
in determining average DCV's. The procedures involved in 


these averaging schemes are included in Appendix B. All 
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subsequent work with the DMSP VIS and IR data was accom- 
plished using the "four by four" averaged parameters. 

The most drastically limiting factor involved in extract- 
ing the DMSP data proved to be the time of observation. 
ces the DUMSP Satellite iS polar orbiting, composite images 
and digital data covering the eastern North Pacific Ocean 
area were available only at specific times. Synoptic ship 
report times of 0000, 0600, 1200 and 1800 GMT in many in- 
Stances did not coincide with times of satellite observation. 
It was decided to accept the DMSP observation as representa- 
tive (in time) if it was within two hours of the actual 
Synoptic time; data outside the two-hour limit was rejected. 
Weehe thts two-hour criterion, only 90 VIS and 196 IR reports 
could be matched to the original 1335 ship reports available 
during the five-day period. These totals further dwindled 
to 69 VIS and 116 IR reports with the limitations imposed 


by SMS-2 coverage to only the 0000 and 1800 GMT reports. 


Er SMS-2 DATA 

SMS-2 digital data were furnished on magnetic tape by 
the Space Science and Engineering Center (SSEC) of the 
Men ersi of Wisconsin at Madison, Wisconsin. 

۱ digital count values range from 0 to 255 for both 
VIS and IR data. In the case of VIS DCV's, low (high) num- 
bers correspond to surfaces having low (high) albedo, while 
for IR data relatively high (low) temperatures appear as 


Conga) DCV Se. It would be expected, therefore, that a 
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cloud mass with considerable vertical development, such as 
a cumulonimbus tower, would exhibit both VIS and IR values 
er nezupper end of the count value range. The overall 
range of DCV's encountered in this study was 36-196 for VIS 
data and 73-197 for IR data. 

The nominal accuracy of SMS-2 VIS data is e nmi 
by one-half nmi at the subsatellite point (vicinity of Equa- 
tor, 135W). Actual values of line and element spacing at 
۱۳ solution as a function of latitude/longitude position 
Hum mPNuded an Fig. 5. The variation of line and element 
values as one proceeds poleward and either eastward or west- 
ward of the subsatellite point should be noted. The stated 
SMS-2 accuracy is dependent upon many parameters such as 
۳ ۲ spin rate, satellite attitude, orbit eccentricity, 
camera geometry, orbit precession, and height above the 
earth's surface. Data resoluütion of two nmi by two nmi 1 ۰ 2۶ 
1/4 nominal VIS resolution) was considered adequate and 
therefore used in the processing of all VIS data, thus 
GE aelysredueing the quantity and cost of data to be pro- 
cessed. 

Reference has been made to line and element values when 
addressing the SMS-2 data. Lines and elements merely refer 
to the manner in which SMS-2 data are recorded on magnetic 
edi splayed on a data print-out. Each VIS or IR DCV 
is identified or indexed with an associated line and element 
number pair that uniquely locates the DCV on a projection of 
the earth's surface. Line and element orientation are 


sed on a map of the study area in Fig. مه‎ It must be 
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emphasized, however, that line and element orientation are 
Functions of satellite geometry and hardware and are, there- 
by, not a direct function of parallels of latitude or merid- 
ians of longitude on the earth's surface. The two nmi by 
two nmi data available for this study represent averages of 
four data elements along every fourth line. 

iS 27ER data resolution iS two nmi by four nmi. TA 
the format mode available to the study, data are spaced at 
two nmi along each line with each line duplicated once to 
srandardıze the VIS and ER data depictions to a two nmi by 
two nmi interval. sample VIS and IR data are included in 
HTS. 7 and 8, respectively. 

In addition to the DCV data on magnetic tape, the SSEC 
furnished a print-out of corresponding line and element 
Values at ten degree latitude/longitude increments. Thus, 
an interpolation scheme was necessary to match the ship's 
latitude/longitude positions (to the nearest tenth) to the 
corresponding line/element values. The solution appeared 
to be in the use of the natural bicubic spline curvilinear 
interpolation scheme available at the NPS Computer Center 
library. Using this routine, line and element values could 
be interpolated to the nearest whole degree of latitude/ 
longitude and linearly interpolated thereafter for finer 
3-7660. 

Interpolation using the bicubic spline was successfully 


attempted but the processing time involved appeared 
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prohibitive, especially since the temporal change of all 
satellite variables also necessitated a new calculation of 
line and element grids for each new synoptic time. With 
this realization, it became evident that data processing 
via these methods was far too time consuming and an alter- 
nate method for handling the data was sought. 

The processing problem was resolved by extracting the 
data required for the study at the SSEC using the Man- 
Computer Interactive Data Access System (MCIDAS) (see 
۵۱ ie). Accordingly, for four days during the latter 
part of December 1976, the author processed data at the 
SSEC using the MCIDAS. The accessing of required data via 
line and element number indices proved to be a simple task 
with the MCIDAS. 

Having read in the magnetic tape, an analog image of 
the digital data was generated on one of the MCIDAS ter- 
minals. Once the "satellite picture" was generated, certain 
geographic features (i.e. landmarks) on the earth were 
identified and their known latitude/longitude positions 
were compared to latitude/longitude positions that had been 
transformed from the satellite data. For the eastern North 
Pacific Ocean, few landmarks were available and were, of 
necessity, located at the periphery of the study area or 
even further inland on the continent. Landmarks that were 
consistently visible during the 5-9 August time period in- 
ededszsla Angel de la Guarda in the Gulf of California, 


the Great Salt Lake in Utah, Santa Rosa Island off the 
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southern California coast, and a noticeable feature in the 
SIE Lakes région. During the study period, none of the 
islands in the Aleutian Chain could be used as landmarks 
pucouscEorothe cloud cover consustently over that region. 

For purposes of this study, maximum navigational errors 
of 10 nmi were deemed acceptable. When navigation informa- 
tion was checked for each of the four synoptic times in the 
five-day period, the SMS-2 data at 0600 and 1200 GMT were 
consistently outside acceptable tolerances while 0000 and 
1800 GMT could be adjusted to within the 10 nmi criterion. 
In addition, at synoptic times 0600 and 1200 GMT (night-time 
in the study area) SMS-2 IR data only were available. THUS, 
the deicison was made to set aside the 0600 and 1200 GMT 
data and continue processing only the 0000 and 1800 GMT VIS 
and IR data. At this point, the conventional data set was 
reduced to 825 available ship reports. Navigational adjust- 
ment procedures as alluded to above will not be discussed 
herein due to the detail involved. 

Once the navigation problem was solved, extraction of 
necessary digital count value data was a simple matter. 
Rather than extracting a single point value of VIS or IR 
Sata ll x< 11 matrices of DCV's were printed out for each 
eranctent ship latitude/longitude position, one matrix each 
for the VIS and IR data, respectively. Simple averages of 
the eight count values surrounding the center value plus 
the center point value were also performed. These “nine- 


point" averages were used in subsequent statistical analyses. 
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Weighted averages as used with the DMSP data were not com- 
puted due to time limitations (see Figs. 7 and 8). 

Another important parameter that was derived based on 
SMS-2 DCV's was one involving cloud heights. This parameter 
Was available through MCIDAS processing and was extracted 
for each ship latitude/longitude position. A brief discus- 
sion of the MCIDAS Cloud Height (CLDHGT) program (Mosher, 


1974), as it applies to this study is included in Appendix C. 
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IV, DATA ANALYSIS AND RESULTS 


A. APPROACH 

The organization of data was based on ground-truth ship 
report positions at 0000 and 1800 GMT for the five-day 
period 5-9 August 1976. A sample data tabulation is included 
۱ 9. م2‎ 

The analysis of the fog/no fog data was related to a 
parameter developed in marine fog research at the NPS (Renard, 
er 190755 Willms, 1975), namely the fog duration category 
(FDC). Fog duration categories (FDC's) were manually deter- 
mined for each of the synoptic ship reports based on unique 
combinations of visibility plus present and past weather. 
Willms' classification scheme, based on the visibility wea- 
ther group elements, is included in Table II. 24" Willms' 
39 possible FDC's are represented in this ”سد‎ Since the 
data set was not significantly large, it was decided to 
eombine the FDC's into five groups for further processing 
(see Table III). At this point, the general approach was to 
examine the available data with the FDC parameter acting as 
PHemecomnonm basis or comparison. When the SMS-2 data process- 
ing was completed, 718 data points could be matched to the 


825 synoptic ship reports available. 


Be DMSP DATA ANALYSIS AND RESULTS 
As previously indicated, the size of the DMSP data set 


wmascmvery small. O£ 718 ground truth Ship reports available, 
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eee r ANA 116 IR DMSP digital count values were available 
for analysis. Using a histogram representation, results 
ae resiented in Figs. 9 through 12. For histograms that 
were generated through the NPS computer facility, such as 
Bigs. 9sand 11, a plotted empirical density function (E) 
1 5 imeluded. A line through the "F" points essentially 
gives a smoothed profile of the frequency data. In addition, 
histogram percentage frequencies are indicated on the ordi- 
nate and the mean value of each distribution is indicated 
SVS vertical column of "M's". Table IV summarizes the 
results concerning the distribution of DMSP digital values. 
The IR distribution (Fig. 11) appears to approach a 
normal distribution to a much greater degree than does the 
Vaeomeounterpart (Fig. 9), but lack of sufficient data makes 
Sach a conclusion very tenuous. The range of VIS DCV's 
(26 - 60) is somewhat greater than that for IR DCV's (19 - 
Meymewilth the distribution more erratic for the former. 
Similar observations are appropriate when considering each 


Sr ERE FDC's in Figs. 10 and 12 and Table IV. 


er SMS-2 DATA ANALYSIS AND RESULTS 


es SMS-2 VIS and IR DCV Analysis 


- Histograms and Scatter Diagrams 

The SMS-2 data set proved to be more informational 
than the DMSP data, due in part to the significant increase 
in size of the data set. It must be emphasized, however, 
that when dealing with a sample size numbering 718, sta- 


tistical findings are necessarily more indicative or 
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suggestive than truly definitive as compared with a sample 
size numbering say, 10,000. With this caution in mind, 
results of the analysis of the SMS=2 data follow. 

As in the case of the DMSP data, all SMS-2 data, 
VIS and IR separately, were organized into the same five 
Geups or EDC'S. Figs. 13 and 19 depict the distributions 
of VIS and IR average DCV"*s respectively, for all data. 
Average count values were selected as more representative 
than point values. However, average count value distribu- 
tions were not significantly different from their point- 
value distribution counterparts. As had been observed with 
the DMSP data, a difference in range interval was noted in 
۱ داد‎ opposed to IR data. VIS data encompassed 159 
possible values while IR data spanned 123 possible digital 
count values. In fact, Tor all groups, except FDC GR 2; 
the IR DCV ranges are less than those observed for their 
VIS counterparts. It was also interesting to note that the 
absolute minimum/maximum count values encountered were 36- 
198 for VIS and 73-196 for IR; possible SMS-2 digital count 
values are advertised to range from 0-255. 

After the entire data set had been scrutinized on 
the initial two plots, additional histograms segregating 
the data into the FDC groups were constructed and appear 
SSMEN US. 14 through 18 and 20 through 24. Additionally, 
Table V summarizes the essential statistics from all of the 
SMS-2 histogram data. The following additional observations 


were made based on the histograms: 
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(1) HOG reports SeldOMN OCCU iN the VIS COUN 
value range of approximately 36-72 (i.e. low 
albedo) (see Figs. 14 through 17). 
(2) Similarly, fog reports seldom occur in the 
IR count value range of 73-89 (i.e. relative- 
ly high temperatures) (see Figs. 20 through 23). 
(3) - Limiting values, similar to (1) and (2) above, 
ati mer upper end of the VIS 1 51۱ albedo) and 
IR (low temperature) count value range are 
not evident. 
(4) Mean DCV's differ little in all categories 
associated with fog for both VIS and IR data 
(Table V). 
The presentation of any one parameter as a function 
of FDC groups was, in essence, a one-dimensional view of 
the data. To further pursue a solution to the basic objec- 
tive of the research, amulti-dimensional data depiction 
method was desirable. Accordingly, two-dimensional plots 
were constructed with VIS and IR DCV's as the two axes. 
For each ground=truth ship latitude/longitude position, the 
VIS average DCV was plotted versus the IR average DCV. Five 
plots were generated (Figs. 25 through 29) which segregated 
the data into the five FDC groupings previously defined. 
Information depicted on these plots was identical to the 
histogram data but allowed VIS and IR data to be "spatially” 
correlated. 
Objective analysis techniques employed up to this 


point had still not established any limited range of either 
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5 Count values for fog occurrence. To anker fórt- to 
2 an Upper Cut-off range of VIS/IR values for fog 
Occurrence (to Supplement the limiting low values already 
determined) a subjective analysis technique was selectively 
employed using both VIS and IR satellite imagery. The 
principle involved examination of all data esse ons, except 
those associated with FDC 180 (no fog) on the VIS/IR imagery 
in an effort to segregate out those reports in which middle 
and/or high clouds were in evidence. This step did not 
negate surface-based observations of fog but merely identi- 
fied those ship locations where the satellite was seeing a 
lowe Cloud type (as stratus) only. 

iiveswaccomplishment of this subjective "sanitization" 
proved the necessary breakthrough in establishing reasonable 
putotlosboundarres for the IR count values. ۶3۶٢ ۲پ‎ 
06ت 6 7ے ت5‎ “sanitized” count-value distributions for 
menr og- associated FDC groups. A comparison of these fig- 
ehe Immediately preceding set (Figs. 25 through 
SC Taphically illustrates the significant decrease in IR 
count value range. Table VI summarizes SMS-2 count value 
parameters before/after the subjective sanitization pro- 
eeaume. It is important to note the relatively small change 
in the VIS range of count values as compared to the IR 
range. Results E are reinforced to some degree by 
the findings of Hale and Renard in their 1975 study which 
utilized NOAA-2 digitized data in diagnosing marine fog. 
A large VIS range of possible DCV's and a much more limited 


ING: Of IR count values were reported in their study. 
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During the selective sanitization of the ship lati- 
tude/longitude positions, it was observed that a certain 
number of reports when viewed on the VIS/IR imagery appeared 
zosbezin areas of large gradients of grey shade values, and 
Bence the interpretation became critically dependent on 
Gi2dding and navigational accuracies as well as on the obser- 
ron itself: Two examples are included here to illustrate 
the high observed correlation between imagery and associated 
32۶۰3 ۲۹٦٦۹46 

The p escamprié., dsplcted 1n Fig. 34, is from 9000 
۱۳ 13 2٩ 9۳۵ August 1976, The VIS and IR imagery at the 
ship latitude/longitude position indicated a uniform layer 
pao clouds with several localized middle and/or high cloud 
F sc es surrounding the ship position. The VIS data matrix 
EHEUMPOCLS this condition quite accurately in the strong count 
value gradients extant across the data matrix. The IR data 
mata) due primarily to relsolution differences, does not 
exhibit the gradient as well except at the right edge of the 
Cae TO fústher confirm the satellite data, the synoptic 
Spree port indicated fractostratus reported for low cloud 
type and double-layered 2 us and dense cirrus in 
patches for the middle and high cloud types respectively. 
The dimensions of the SMS-2 VIS/IR data matrices (Fig. 34) 
are appr ai mately 17 nmie (approximately east/west)s by 32 
necs approximately north/south). 

The VIS and IR datawdepleted in Fig. 35 correspond 


E6 IN area Oh the VIS imagery that constituted a “clear slot" 
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crossing precisely at the ship latitude/longitude position 
indicated. The strong count value gradients observed on 
either side of the slot indicate the presence of highly re- 
Poet ive clouds. The IR data “does not reflect this "clear 
Slot" probably due to the previously mentioned resolution 
differences and the resultant "smearing" of Es 
data.  VIS/IR data matrix dimensions at the geographical 
Mu ion are approximately 20 nmi (approximately east/west) 
bou enim (approximately north/south). 
2. SMS-2 Cloud Height Parameters 

Since the histogram approach of data presentation 
had proved its utility, it was employed again in an effort 
to glean some meaning from the SMS-2 cloud height parameters 
which had been generated using a program developed by 
Mosher at the University of Wisconsin (Mosher, 1974). As 
discussed in Appendix C, the parameter of interest was the 
derived height of the cloud base. Tneluded in Pigs. 6 
through 41 are histograms of cloud base height in meters 
(abscissa) as a function of the various FDC groups previously 
defined. The CLDHGT program had not been developed for 
application in fog research and hence was not specifically 
"tuned" to necessarily provide cloud base heights near zero 
as one Observes with fog. Some of the assumptions inherent 
in the CLDHGT program such as the development and tailoring 
of the model to cumulus-type clouds obviously would affect 
generated results. It was not a great surprise then, that 


negative heights were generated using the CLDHGT program. 
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Perhaps the most meaningful inference drawn from 
the cloud height histograms is the near Gaussian distribu- 
tion (without regard to negative cloud heights) observed 
particularly in Figs. 36, 37 and 39. It should be noted 
that mean cloud base heights calculated for each of the 
fog groups were, in each instance, less than the mean 
Memguimcaleulated for the FDC 180 (no fog) group. Table 
VII summarizes essential results from the CLDHGT program. 

me 1 1:۱۳ chat a satellite-generated cloud 
height program might have in achieving the goals stated 
for this study cannot be answered by this research. Further 
0۳ 5 1 3319۳, refinement, and possible "tuning" of the 
ec EE EE for this application to marine fog should 
be accomplished. 

OC ber Statistical Relationships 

To supplement the fog study investigation without 
specific application of the digital satellite data, weather 
parameters available in the standard synoptic ship report 
were also statistically examined. Using the histogram 
approach again, air temperature, sea surface temperature, 
and surface wind direction were depicted as functions of 
the various FDC groups. The parameter that proved most in- 
teresting was the distribution of the surface wind as a 
۶-3 of FDC. The surface wind distribution for those 
data in category FDC GR 1 will be specifically addressed 
here. 

۱۲ رت زر‎ 2۱۱1 1 9 1 histogram initially (Fig. 42), 


some two-thirds of the wind reports fell between directions 
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Omand 270 deg. TO depict the surface wind data in a 
Eeconesrashron and to also indirectly involve the VIS and 
IR DCV's, wind directions were attached to each of the 
data points depicted in Fig. 31. To establish mean wind 
directions, averages by column and row as portrayed in 
Fig. 43 were performed. For the averages sia dun which 
five or more wind reports were considered in the average, 
the mean wind directions were as follows: 760 through 

a ong the VIS axis; 171 through 226 along the IR axis. 
Thus, the surface winds with southerly components are typi- 
cally related to heavy fog conditions over the eastern 


North Pacific Ocean during the August period studied. 
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M CONCLUSIONS AND RECOMMENDATIONS 


۰ ۳ ۱۵ ۱ objective of this study was to ascertain 
the value and applicability of DMSP and SMS-2 satellite data 
Prem diagnosis of marine fog over the open ocean. Through 
۱3۳ nterpretation and processing of digital data from both 
Satellite systems with conventional surface ship reports as 
٠۹-٣۶٠٠٦٦٣ verification, optimal ranges of digital count 
Fee ssrelated to fog occurrence for both the VIS and IR 
data were determined (Table VI). Azseeondarv objective orf 
Pues cudy, the establishment of usable statistical correla- 
Eons OF Satellite and conventionally-reported weather para- 
meters, was only partially achieved through the relationship 
Berweensobserved fog reports, assoclated surface wind, and 
SMS-2 VIS and IR DCV's. Further statistical analyses were 
not performed using these data due to time limitations. 

DMSP data proved insufficient in quantity for truly 
meaningful input to the study as a whole. Any polar orbit- 
satellite data utilized in a study such as this one 
Musee be available over a much longer time period so that a 
representative number of data points may be mäde available 
for investigation. Processing techniques employed herein, 
however, may be useful for future studies involving DMSP 
data. 

eSiis=2erecorded data processed using the MCIDAS, pro- 


vided the major data source for the study. The high quality 
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numerical products and imagery available from the SMS-2 
system provided the necessary base for meaningful data pro- 
cessing. Even though the final sample size for the study 
Was relatively small, the processing accuracies attained 
throughout the investigation were noteworthy and provided 
very high quality data for further analysis. Tne utility 
of a derived cloud height parameter that has been finely 
tuned to account for various cloud types and varied atmos- 
pPaeric conditions is apparent. Although the MCIDAS CLDHGT 
parameters derived for this study did not provide signifi- 
canem insight into fog diagnosis, it is felt that refinement 
and development of this program will provide valuable input 
toward future studies. Perhaps the CLDHGT program will 
also be able to address still another problem, namely, the 
segregation and discrimination of fog from stratiform clouds 
without associated fog. 

The following recommendations are offered for future 

studies: 

(s Conduct a similar study for a longer time period 
using both DMSP and SMS-2 data. 

(2) Work toward increased automation of processing 
techniques herein outlined using existing computer 
facilities.: 

(3) Investigate the feasibility of modifying existing 
MCIDAS navigational and CLDHGT programs for use on 


the NPS computer. 
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(4) 


(5) 


(6) 


(7) 


Further investigate the MCIDAS CLDHGT program as 
developed by Mosher (1974) in the fog diagnosis 
application: 

Further examine statistical relationships be- 
tween conventional synoptic ship report data and 
Voy in GOUnE Value distributions. | 

Consider future fog research using the MCIDAS 
1 ۳ aE Unos SSECS University of Wisconsin. 
Investigate a scheme which would involve the 
assignment of "weighting factors" to selected 
VIS/IR digital count value parameters and when 
üsed in combination with Climatology, moisture 
content, temperature, wind, and other GE 


related parameters, arrive at a credible fog 


probability analysis (Hale and Renard, 1975). 
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APPENDIX A 


Sormmerston of Llatitude/longitude position to I-J grid co- 
ordinates (FNWC Subroutine Library). 


The following expressions were programmed for use with 


a programmable calculator: 


cos d 


ccce (cos (350-۸) ) ] 


I =. I + ne) ( 
P 


LS GG HE (sin(350-A))] 
where: D = Pole position = 31 
de = Pole position - 3l 
ه‎ = Latitude, in degrees 
A = Longitude, in degrees 
Re = Distance from pole to equator in grid 


mesh lengths = 31.205; 
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APPENDIX B 


Averaging schemes for DMSP digital data - 2x2 and 4x4, 


Given: 


(1) 


(2) 


(3) 


Set of I-J grids computer produced, each consisting 
of 64 by 64 (4096 total) digital count values. 
Latitude/longilitude positions converted to I-J grid 
coordinates (see Appendix A). 

Overlay,subdivided to nearest hundredth, to extract 


values from printed grid. 


Procedure: 


(1) 


(2) 


(3) 


Enter I-J grid (with overlay) and select the two- 
digit value closest to point on the overlay. 
Extracta suüUrroundi ng. fOr points (including point 
value just selected); sum points and divide by 
four for 2x2 average. 

For calculation of the 4x4 average a weighting 
scheme is used,based on radial distance from the 
center of the grid. I-J coordinates entered are 
assumed to be at grid center to accomplish this 


average. 
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EINES a, D, € refer to digital count values as located on 


64x64 grid. 


e A Ww 


4 E 


a 


= A 


, ail 


Wei a 


N 


Assume: Distance between elements is equal to two units 


For purposes of deriving weighting factors Roche (iie. 











distance a to b = 2 units). 
A Y10 3/2 
therefore, W. = m - a + EE m 
v2 ¥10 3/2 
LW = 6.301058 
weighting Factors: 
| een ME ei 
at arl points ۰ ٩ = UN = $.301058 ` 11022203 
1 
W سے‎ 
b 7/10 
: ۱ ہے 1۶ ما‎ LI a m = 
2۳ points TD XN 6.301058 0501884 
1 
W 
2۳ لت‎ ۵0 "ec" = = = 3⁄2 = .0374067 


LN. — 6.301058 


W W W 


a b سے کت‎ 
XT ) + (77 ) + 4 ) = 1? 
5 r 








CHECK: Does 4( 


A I122203) + 8(.0501864) + 4(.0374067) = 


T9099 997 ٦٣ 
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Sample Averaging Procedure: 


3637373983910 
361363737384] 
361361383 713814 0 
36137138 3 83 0 
393637383840 
383637383840 


ME EE location of I=) coordinate (to nearest hundredth) 


point value = 38 


+ 
LIZ average = =—— ` — = 37.8 
ioe erage. — .1122203(38 + 37 + 38 + 38) + 
.0501864(37+37+38+38+38+37+37+36) 


205090357 206703 08: :9838 74293377236) 


37.4 
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APPENDIX C 
The Man-Computer Interactive Data Access System (MCIDAS) 


The Man-Computer Interactive Data Access System (MCIDAS) 
located at the Space Science and Engineering Center at the 
University of Wisconsin, Madison, Wisconsin, was developed 
for processing two dimensional image data from high volume 
data sources such as the Synchronous Meteorological Satellite 
M2 whych transmits approximately 75 billion bits of 
image data each day (Smith, 1975). The “characteristics that 
are required for a system to process SMS-2 data and which 
were therefore built into the MCIDAS include: 

"a. Best possible navigation 

b. Preservation of inherent resolution and geometry 

C. Speed and precision of automated techniques 

d. Human interaction only for decision-making but not 

for data handling or measurement 

e. Combination of digital and analog hardware 

f. Real or near-real time processing." 

(Chatters and Suomi, 1975) 

Some of the capabilities of the MCIDAS include the 
Following: 

(1) Digital data may be transformed into analog picture 

format display at MCIDAS terminals. 

(625) Images may be time sequenced on a terminal; a use- 

ful capability in tracking clouds. 

(3) Inherent in the system's operation is an interactive 


capability in which the human operator always 


occupies a decision-making position. 
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(4) Images (pictures) on a MCIDAS terminal may be com- 

bined or overlaid as well as color enhanced. 

Unique features which are intrinsic to the MCIDAS include 
both a unique navigational model and the WINDCO/CLDHGT system. 
The navigational model, although extremely complex, allows 
tapid transformation from satellite nates true 
earth coordinates. The WINDCO/CLDHGT system was developed 
۲ ۳ ول‎ Iinseloud-tracking, 

For this study, the CLDHGT sub-system provided a unigue 
parameter: cloud base height derived from satellite digital 
data. The basic steps involved in the program include the 
21 6 ٦ 

(1) Using visible brightness values the optical thick- 

ness of a cloud is determined. 

(2) From the optical thickness, the IR emissivity of 

the cloud is computed. 
(3) The true temperature of the cloud is then computed. 
(4) From this temperature, and climatological soundings 
indexed by season and geographical position, the 
height of the cloud top is determined. 
(5) Cloud thickness can be computed from the optical 
thickness and an extinction coefficient (Mosher, 
1974). 
Cloud thickness was subtracted from cloud top height to pro- 
duce a cloud base height for each ground truth ship latitude/ 
1٦97٦3۰4368 position. Since the program was originally de- 
veloped and modeled for cumulus-type clouds, a tentative cor- 
Sion actor was introduced by Mr. Mosher for the purpose 


9 ۳۱ study. 
4 4 
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I-J grıd coverage of study area. 


Figure 3, 
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Figure 10. Frequency distribution of DMSP VIS average 
count values for: (a) FDC GR 1; (b) FDC GR 2, 
EBE GS EE (see 
Tables II and III); 30-60N, eastern North 
Pacific Ocean, 5-9 August 1976. 
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TABLE I 


DMSP data interval as a function of latitude 


Latitude I-J grid size (nmi) Data interval (nmi) 
Equator 110,2 by 110.4 779 ٦ 

30N | 71666 16 5:16 2 

45N 156625 Dy (LS Sis 2. 95 

60N 206 by 206 3222 
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TABLE II. Marine-fog duration categories as dependent on 
the visibility-weather group elements of the primary synoptic 


report. Hours of fog assigned are derived from an analysis 
of summer-season North Pacific Ocean Weather Station (P,Q,S) 
Weather log data (after Willms, 1975). 

Fog Coded Coded Hours 
Duration Coded Present Past Of تب‎ 
Categories 70 6 Weather Weather Assigned 
10 * 40-49 4 5-5 
125 * 40-49 5 4.3 
20 x 10 4 5. 1 
22 * LM? 4 30 
24 = 10 5 3.0 
26 x 6 5 2:20 
30 90-93 * 4 4.7 
31 90-93 H 4 د3‎ 0 
32 94 SS 4 3.8 
33 94 H 4 3.0 
35 90-93 GE 5 38 
36 90-93 H 5 20 
37 94 wis 5 02 
38 94 H 5 لا‎ 0 
40 * 28 4 2 5 
45 = 28 5,6 3-3 
50 x 40-49 6 3.6 
60 * 10 6 28 
65 = LI 12 6 1:0 
70 90-93 Er 6 272+ 
71 90-93 H 6 1.0 
go 94 A 6 120 
73 94 H 6 DSO 
80 E 40-49 2 4.0 
90 RS 10 2 345 
95 v 0 2 2 09ل‎ 
100 920293 = 2 25/9 
102 94 => 2 123 
110 * 28 2 4.6 
129 * * * 4 3] 
130 * 40-49 001537779 STO 
140 * 10 ور رت‎ 2.6 
145 z Jl, 12 0, وحم مه‎ 120 
T50 90-93 * * 0-143, 7-9 1 ۵ 
152 94 kx Or 37-9 1920 
160 A 28 OSI 7-9 32-3 
2075 95-96 SS 0-3,5-9 0.6 

180 All reports not fitting above categ es 


Denotes any visibility allowed, 
** Denotes any present weather code except ۱۳ ۱ 2 صحل 4 رو هم‎ 
or heavy present weather codes 


l.e. 


90-99 


Denotes heavy present weather codes only: 


EE 


72-75, 81, 


82, 


84, 86, 8 


89 


8, 90-99 


30-39, 


62-65, 





TABLE III., 


Group 
EDC Group 1 
(EDC GR 1) 


EDC Group 2 
(EDO GR 2) 


EDC Group 3 
(FDC GR 3) 


EDC LS 


DE #120 


pog duration category BDC) 


Assumed 
Weather Condition 


heavy fog likely 
at observation 
time 


light fog likely 
at observation 
time 


۶06۰10161 لا‎ NOE 
necessarily at ob- 
servation time 
visibility gualifies 
toro gt sog Nut 
fog not reported 


no frog 


90 


groupings, 


PDC included 
10,157 305. 35.1507 
7078071007130 


20,24,32,37 60ٛ, 
90,140 


2272607407/3237 LIO; 
120 


177.5 


180 





TABLE IV. DMSP hjlstogqgram Statistics. 


Range of 
Figure DMSP Count Values Total no. 

Histogram No. Data a0 o2NDOSSLIDEL) of reports 
All FDC 9 VIS 26 - 60 69 

All FDC I IR 19 - 46 116 

EDC GR 1 10a VIS 29 - 52 152 

PDC GR 1 12a IR 20 = 39 37 

PDC GR 2, 

ADC GR ود‎ 

EDC 175 10b VIS 232255 1.2 

EDC GEZ, 

EDC GR 3 12% IR 19 - 38 14 

EDC 5 723 IR 20 = 38 EL 

F DG. 180 Oe VIS 26 = 60 42 

EDE 180 TAE IR 20 - 46 50 
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DABIHLENVNUSMS-20Bhuwsbtogram statistics. 


Range of Total ۰ Mean 
Histogram Figure Count Values of reports value 
VIS All FDC 13 39 — 198 715 | 12-7 
VIS T FDC GR 1 14 74 =- 184 ag ee Ó 
VIS FDC GR 2 5 922-2769 24 125.9 
MESWEDE GR 3 6 62 - 184 32 134.2 
VTS 75 17 47 - 198 41 142,8 
VIS 0 18 39 - 185 457 114.0 
۳ (۳ 5 و7‎ 6 714 11536 
TR EDC GR l 20 8 8 5 3:1 1202 3 
E PDC GR 2 21 957< 191 24 12476 
Peer we GR کے‎ 22 96 - 180 22 LIES 
TR EDC 175 23 26. 2199 41 J296 
IR TDC SQ. 24 73 =. 196 456 LIZI 


232 





TABLE VI. SMS-2 VIS/IR count value range before/after 
removal of 1 101 6۸ 1 clouds. 


NOG. GE 
reports after 01 count 
apparent middle value range 
ED No. of and high cloud VIS IR 
Group reports cases removed before after before after 
۳ ۳ کف‎ I 131 7 4 74-184 78-168 89-195 89-130 
EDC GR 2 24 16 92=1G0 92=160 95219] 95-132 
EDC GER ف‎ 32 23 62-184 62-167 96-180 96-120 
EDC LIS al 18 47-198 47-168 76-190 76-126 
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D SDpS VII. 


Histogram 


All 


PDC 


EDC 


EDC 


FDC 


FDC 


GR 1 


GR 2 


GR 3 


175 


180 


Figure 


36 


7 


38 


39 


40 


41 


Mean nel got (m) 


So E. > 
2029 
-121.8 
287.6 
-842.6 


رح 3 


9 4 


SMS=2 cloud base heightustatistics. 


Totalanoz 


ھ7 


143,2 


25 


22 


41 


457 


of reports 
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